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Abstract: The microbial community structure in 2-chlorophenol-acclimated anaerobic granular sludge and inoculating sludge were analyzed by
16S rDNA-based approach. Total DNA was extracted directly from the inoculating sludge and 2-CP-acclimated anaerobic sludges; and then
amplified by polymerase chain reaction (PCR) technique with the specific primer pair ARC21F/ARC958R for Archaea and 31F/907R for
Acidobacteria respectively. The positive PCR products were cloned and sequenced. The sequences analysis shows that there exist common
Archaea in both sludge; including Methanothrix soehngeniis Methanosaeta concilii and uncultured euryarchaeote etc. Some special Archaea
appear in the 2-CP-acclimated sludges such as Methanobacterium aarhusense » Methanobacterium curvum and Methanobacterium beijingense elc.
Others originally existed in the inoculating sludge disappear after acclimation. Common Acidobacteria are found in both sludge, including
uncultured bacterium, uncultured Acidobacterium and unknown Actinomycete ( MC 9). Some special microbes originally existed in the
inoculating sludge, such as Desulfotomaculum sp. 176, uncultured Deltaproteobacterium n8d and uncultured hydrocarbon seep bacterium etc.
disappear after acclimation, and uncultured Holophaga/! Acidobacterium s uncultured Acidobacteria bacterium and unidentified Acidobacterium
are found after 2-CP-acclimation.
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Table 1 ~ Primers used in PCR experiments

519 4 (5'-3") R E. coli h'5 Sk
ARC2IF TTC CGG TTG ATC CYG CCG GA Archaea 2~21 [17]
ARC958R YCC GGC GTT GAM TCC AAT T Archaea 940 ~ 958 [17]
31F GAT CCT GGC TCA GAA TC Kingdom Acidobacteria 15~31 18]
907R CCC CGT CAA TTC ATT TGA GTT T Universal 907 ~ 928 L19]

AT EBEAT, 50 pl B R NAKZR A 2 10 x PCR Y. 2%
S gLy 10 mmol/LIF) ANTP ¥ 1 Ly 10 mmol/LITY)
TR &1yl Tag B 2 A 547, FE 5 DNA W 2
pLs TG ZE KA E 2 50 pl.

TR PCR A B4 #5720 : 94°C TR E 2 min;
94°C,45 s, 51°C,60 s, 72°C,90 s, 30 M ; 72°C,
10 min. & FF B (1) PCR ¥ 34 #2724 : 94°C TRAZ 1 2
min; 94°C,45 s, 60°C,45 s, 72°C, 90 s, 30 M s
72°C> 10 min. PCR F=#4 1.2% ¥ 3 N5 Bl 48 112 F Uk
KL f5, %18 HAs v BOKR/NI 4, I a4k IR
F B AT R R 24k ( Wizard SV Gel and PCR Clean-
UP System, Promega A 7)), FHI 584073 606 BE Tl & 4l
1S5 ) PCR F= R i
1.4 SCRERT
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HI BLAST & 5 ¥ Il ¢ 45 2R 55 NCBI ( National
Center for Biotechnology Information, http: //www. nchi.
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Pk, 2 RE R E I TR RA KT LR,
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Fig.1 Degradation efficiency of 2-CP during acclimation
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iS5 DRAEBURL 5 Y T A7 A 7 S JE A 10+ 40 T 1 e
(MW 2 2): Methanothrix  soehngenii~ Methanosaeta

concilii~ uncultured euryarchaeote 22 uncultured archaeon

&, It B Methanothrix soehngenii 1175 ¢ 7 £ 49 v (1)

L I 45% 42 = 2 T Y14k 5 1 93.9%,
uncultured archaeon TAOS~ uncultured archaeon TA04 F1
uncultured archaeon TAO1 7E V5 Ye il A=) A 141 3 5 43
5 A AT IR 509% 45 % A1 45 % 32 i 21 T 94 )5 1
93.9%+90.9% F1 57.6% . 15 YL I # EL, £22-CP Y
G PR e b B T — BSR4 T e
(W% 3,

Methanobacterium ~ sp.

41 uncultured  Methanomicrobiaceae ~
SA-12.

Methanobacterium

Methanobacterium

curvum N
Methanobacterium beijingense 55, 11 4 05 e "R A 1
BB A B B A AR T IH TS, W0 uncultured archaeon
GA55+ uncultured archaeon ZAR123 A uncultured
archaeon isolate MUAHR 45 . IR %8 WKL 15 Y 71 &2 1
2-CPYIAL i, A6 H vty 40 el B A e A i ) 18 A 4
g 23 A, LRI T 16 A8 40 B R 1%
TGP A 1A 4B B AT E YIS T X
YW 2-CPHY IR IE e T PRAATRE VS Jg vt 40 B i v
SERIRAR AL, BE T Y. B RE P A 2-CP IV o 41 B 22 1 Yl
)G 43 2N 5, AN BE & DY ) v 20 b AR U 4 11 55
VT AT A MO A S AR L& B Y
REMAAR .

PG BHRIE , /£ UASB 45 P4 B I 4% Hh H e vl
(I 5B 2 Methanosaeta concilii 1 Methanothrix
soehngenii, A WF 50 45 R 5 2 HH ppteo-2), McHugh
TR (10°C ~ 14°C)+ L (37°C) i i
(55°C) T [ REUBURE VS e S N 4 F FE G Tl oft A 45 Ay
BEAT 70 B, W 3K B8 R AR S N A A A A
MethanosaetaC T 6K B I D 5 70 A DR 4 s I 2
HORILT BT FIE W . Godon 25124 X Ak RS % 7K
PRI A PR B I 4% A0 475 S0 A1 B ot 40 S A% AR
FAZ AW S5 B O Vi S5 M BEAT 0 M 0 2 1 S N A
W 959% 1)l A B AL R T Methanosarcina CFHE )\ &
BRI JE DO Methanobacteriaceae e AT B .

aarhusense ~
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Table 2 Closest phylogenetic group of common Archaea in inoculating sludge and 2-CP-acclimated sludge

semtmapnn OE 2O A fecosion A
Methanothrix soehngenii 45 93.9 Methanothrix soehngenii DNA for a 16S TRNA gene cluster X51423.1 99
Methanothrix soehngenii 45 93.9 Methanothrix soehngenii gene for 16S rRNA X16932.1 99
Methanosaeta concilii 5 6.1 Methanosaeta concilit 163 rRNA M59146.1 98
uncultured archaeon 50 93.9 uncultured archaeon TAO5 16S rRNA gene AF229778.1 99
uncultured archaeon 45 90.9 uncultured archaeon TAO4 16S rRNA gene AF229777.1 98
uncultured archaeon 45 57.6 uncultured archaeon TAOI 16S rRNA gene AF229774.1 99
uncultured euryarchaeote 35 39.4 uncultured euryarchaeote EHB109 16S rRNA gene AF374281.1 98
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Table 3 Closest phylogenetic group of special Archaea in inoculating sludge and 2-CP-acclimated sludge
WH ks FRE/ % GenBank T e AHIT (¥ 3 A= ) b Accession Number  F#FUAHATE/ %
uncultured archaeon 50 uncultured archaeon 44A-116S rRNA gene AF424765.1 99
uncultured archaeon 50 uncultured archaeon 39-2 16S rRNA gene AF424769.1 99
%él uncultured archaeon 50 uncultured archaeon 46-1 16S rRNA gene AF424764. 1 99
ﬁE uncultured archaeon 45 uncultured archaeon 69-1 16S rRNA gene AF424763 .1 97
% uncultured archaeon 5 uncultured archaeon ZAR123 16S rRNA gene AY341319.1
E’] uncultured archaeon 5 uncultured archaeon isolate MUAHR 2 16S rRNA gene AF376789.1 98
é%lﬁ uncultured archaeon 5 uncultured archaeon GAS5 gene for 16S rRNA AB046184.1 95
B uncultured archaeon 5 uncultured archaeon GA32 gene for 16S rRNA AB046181 .1 94
%}P uncultured archaeon 5 uncultured archaeon isolate MUAHR 1 16S r RNA gene AF376788.1 99
uncultured archaeon 5 uncultured archaeon ASDSI 16S rRNA gene AY032982.1 99
uncultured archaeon 5 uncultured archaeon ASDS2 16S rRNA gene AY032983.1 99
uncultured archaeon 3.0 uncultured archaeon TA02 16S rRNA gene AF229775.1 9
uncultured archaeon 3.0 uncultured archaeon gene for 16S rRNA AB195849.1 99
uncultured archaeon 3.0 uncultured archaeon gene for 16S rRNA AB195851.1 99
uncultured archaeon 3.0 uncultured archaeon gene for 16S rRNA AB195850.1 98
uncultured archaeon 3.0 uncultured archaeon Arc. No. 20 16S rRNA gene AF395425.1 97
%é' uncultured archaeon 3.0 uncultured archaeon WCHD3-07 16S rRNA gene AF050617. 1 93
E uncultured Methanomicrobiaceae 3.0 uncultured Methanomicrobiaceae archacon MRR49 small ~ AY125724.1 96
E archaeon subunit rRNA gene
ﬁﬁ Methanobacterium 3.0 Methanobacterium sp. SA-12 16S rRNA gene AY695843.1 96
Z‘I] Methanobacterium 3.0 Methanobacterium aarhusense strain 5-4 16S rRNA gene DQ649334 .1 95
ﬁ Methanobacterium 3.0 Methanobacterium curvum 16S rRNA gene AF276958.1 95
%i Methanobacterium 3.0 Methanobacterium oryzae 16S rRNA AF028690.2 94
Methanobacterium 3.0 Methanobacterium aarhusense 16S rRNA gene AY386124.1 96
Methanobacterium 3.0 Methanobacterium congolense 16S rRNA gene AF233586.1 94
Methanobacterium beijingense 3.0 Methanobacterium bejingense strain 4-1 16S rRNA gene AY552778.1 99
Methanobacterium betjingense 3.0 Methanobacterium betjingense strain 8-2 16S rRNA gene AY350742.1 99
Methanogenic archaeon 3.0 Methanogenic archacon NOBI-1 gene for 16S rRNA AB162774.1 97

2.2.2  2-CPYIL A A R AT 1A ) 2 FEE 3 A

M AT RIAE S R A2 SR W 2R,
E 38 il SR N K S5 VR 22 P A 2R 48 v R R )
FRAT B 10 A7 A6 bl 309% & 50% 1
16S rDNA Y [ SC P H B P 41 41 T PR AT 1, 4l 8% 77
R A B AR > — B 9r, BY Acidobacterium
capsulatum~ Holophaga foetida M Geothrix fermentansv 3
ANFTE IR IR 22 A, % T BRAT 11 AT AR AR B RS 7
FE ARSI 5 0 R BT T i T AR
?Hﬂ[m,

HCRE A5 Je AN 2-CPYNAL Bl i 5 Y ok ot 1R
FERRF A PE S I EAT PCR 4748 | v B DA ACFR I AIE
J5 > A PRI 30 A B 5 I 1 1) B 25 00 0 5
b5 NCBI R MR #4815 O A7 1) HE R 2 81 U X, &5 2R
W 4 MR 5 Fros, 2-CPYIAL i PREEUBURL 7 Jg 1R AT
B RGR T RAZWME 3 Fioas 0 i RAAK R RAT
W73 B &5 R W], 2-CPYIAL T Jo 1 IR S8 RTRL V5 T
AR LA W RCAE Y A (LR 4): uncultured

bacterium~ uncultured  Acidobacterium A1 unknown

Actinomycete (MC 9) . o™, uncultured Acidobacterium
group bacterium YNPRHSA A1 uncultured bacterium
SHA-18 ££ RABURL 5 e 1K =2 15 20 31 it 9046 i 1
8091 93.3% %2 62.1% A1 58.6% » 1Ml uncultured
bacterium isolate ALT40 F1 unknown Actinomycete
(MC ¥ HH WG T ) 3.3% 42 & £ T 27.6% M
6.9% . W13 5 o, 2-CPYIL & , I % P e b ks 4
) A= ¥ Desulfotomaculum sp. 176~ uncultured
Deltaproteo-bacterium n8d M uncultured hydrocarbon
seep bacterium %5 KA T, I THRFA WA

uncultured Holophaga! Acidobacterium~ ~ uncultured

ok
Acidobacterium . RA UKL 15 e 28 1 2-CP I YL 5 BE
TR R A PR TR T TR 45 A 5 A 7 A T R
[ E 05 23 [ f e A0 1) 55 E0 1 DA I A B8 R 22 4

AT I RRAT ks M 5 2847 PCR 971, Tl
3P GenBank ™ C AT 5 K] e S REAT LU X i,
MY unknown Actinomycete (TUZ TR ) « Desulfotomaculum
sp. (J& HE 1) B % IR WD M uncultured

Acidobacteria bacterium unidentified
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Fig.2  Archaea phylogenetic tree based on the 16S rDNA

sequence of anaerobic granular sludge for 2-CP-degradation
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B A1 E— PRI

AI2ET16S rDNA M 7 B ik 0w 4 8 35 IRk
A DL S AR A 0 R R v S AR R L AR 9 B iR
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Fig.3  Acidobacteria phylogenetic tree based on the 16S rDNA

sequence of anaerobic granular sludge for 2-CP-degradation
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Table 4  Closest phylogenetic group of common Acidobacteria in inoculating sludge and 2-CP-acclimated sludge
S D 2 2O enpank 1 AL OB 0 feeosion A
uncultured Acidobacterium 80 62.1 uncultured Acidobacterium group bacterium YNPRH5A 16S  AF465658.1 o4
bacterium rRNA gene
uncultured bacterium 93.3 58.6 uncultured bacterium SHA-18 16S rRNA gene AJ249099.1 93
uncultured bacterium 3.3 27.6 uncultured bacterium isolate ALT40 16S rRNA gene AY703464.1 92
Actinomycete 3.3 6.9 unknown Actinomycete (MC 9) 16S rRNA X68467.1 92
&5 2-CPYILHIRREIS R D458 HEAT B B F TR IUE 4 45
Table 5 Closest phylogenetic group of special Acidobacteria in inoculating sludge and 2-CP-acclimated sludge
WH  kVE FIE/ % GenBank T e AHIT (¥ G A= ) b Accession Number  F#FUAHATE/ %
Actinomycete 6.7 unknown Actinomycete (MC 26) 16S rRNA X68468.1 91
g uncultured bacterium 3.3 uncultured bacterium isolate JHI2 _ C17 16S rRNA gene AY568858.1 91
ECI_ uncultured bacterium 3.3 uncultured bacterium isolate JHI2 _ C58 16S rRNA gene AY568897.1 90
,”j:{ uncultured bacterium 3.3 uncultured bacterium isolate JHI12 _ C33 16S rRNA gene AY568874.1 89
i uncultured vent bacterium 3.3 uncultured vent bacterium ML-6 16S rRNA gene AF209002.1 89
‘Eé uncultured hydrocarbon  seep 3.3 uncultured hydrocarbon seep bacterium BPC102 16S  AF154083.1 89
F bacterium BPC102 rRNA gene
uncultured Deltaproteobacterium 3.3 uncultured Deltaproteobacterium n8d 16S rRNA gene AF194202.1 87
Desulfotomaculum sp.176 3.3 Desulfotomaculum sp. 176 16S rRNA gene AF295657.1 89
uncultured Acidobacteria 3.4 uncultured  Acidobacteria  bacterium isolate 5gl0 16S  AY177760.1 1z
i bacterium rRNA gene
& uncultured bacterium 3.4 uncultured bacterium isolate JH12 _ C51 16S rRNA gene AY568890.1 94
Ef uncultured bacterium 3.4 uncultured bacterium isolate JHI2 _ C35 16S rRNA gene AY568876.1 94
fq uncultured bacterium 3.4 uncultured bacterium isolate JHI12 _ C31 16S rRNA gene AY568872.1 94
E?ﬁ uncultured bacterium 3.4 uncultured bacterium isolate JHI12 _ C101 16S rRNA gene  AY568933.1 88
ﬁ uncultured Holophaga/! 3.4 uncultured Holophaga/ Acidobacterium Sva0515 16S rRNA  AJ241004.1 88
b Acidobacterium gene
unidentified Acidobacterium 3.4 unidentified Acidobacterium group OPB3 16S rRNA gene  AF027004.1 92
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